Abstract: Six indigenous folk medicinal plants growing wild in the area of Tabuk, Saudi Arabia which were selected for the study of their phytochemistry as well as their biological activities as antitumor and antifolate agents. Antitumor activities of methanol extracts of the six plants were measured in vitro using three human tumor cell lines (breast, lung and CNS cancers) while antifolate activities were assessed using commercial dihyrofolate reductase obtained from Sigma Co. Among the six plant extracts tested, the most remarkable were those of Caralluma sinaica and Fagonia tenuifolia. Caralluma extract showed strong antitumor activity (low GI 50 ) against the three human tumor cell lines. Fagonia extract, on the other hand, was quite inhibitory to the growth of CNS cancer and breast cancer cell lines but much less so against lung cancer cells. Extracts of both Sonchus oleraceus and Caralluma sinaica were strongly inhibitory to DHFR. These results suggest that the mechanism of anticancer activity of Caralluma plant is through DHFR inhibition but that of Fagonia may follow a different path.
Introduction


Higher plants constitute a major valuable source of natural products useful as drugs on their own right or as lead compounds for commercial drug production by total or partial synthesis. The role of natural products is expected to widen as the current explosion of genetic information and genome mining may even lead to the biosynthesis of unknown molecular structures [1] , developments greatly aided by the continual improvement of laboratory separation and chemical identification techniques [2] .
Natural products, of course, also find applications in several industries other than the pharmaceutical industry, areas such as functional foods and food additives [2] as well as seemingly remote areas like the textile industry [3] .
Many plants growing wild among the Saudi flora are traditionally used in local medicine for nutraceutical purposes or for the treatment of several ailments. However, most of these folk medicinal plants still await scientific investigation of their claimed health benefits.
The authors have selected six wild Saudi plants, locally reputed to be of remedial value, in order to investigate the biological activities of their extracts using two bioassay protocols, namely, in vitro antitumor (anti-cancer) potential and the ability to inhibit the enzyme DHFR (dihydrofolate reductase) (antifolate activity). In biological systems, DHFR enzyme catalyzes the formation of tetrahydrofolate by reduction of dihydrofolate using NADPH as a cofactor. Tetrahydrofolate and its one carbon adducts are required for de novo synthesis of purines and thymidylate, as well as some amino acids. DHFR inhibition causes disruption of purine and thymidylate biosynthesis and DNA replication, leading to cell death [4] . Therefore, DHFR has been an attractive target for chemotherapy of many diseases including cancer [5] , malaria [6] , leishmania and trypanosomiasis [7] and D DAVID PUBLISHING bacterial infections [8] .
The six plants selected for the present study are listed in Table 1 . Following are brief data on interesting biological activities and/or folk medicinal uses that influenced the selection of each of these plants for the study. A member of the plant genus Arnebia, A. hispidissima, of the family Boraginaceae is used for the treatment of tongue and throat ailments in Indian traditional medicine. The crude hexane extract of Indian A. hispidissimawas shown to possess marked antimicrobial activity against bacteria and a lesser effect against fungi [9] . Caralluma, a xerophytic plant genus belonging to the subfamily of Asclepiadoideae in the family Apocynaceae, is distributed in dry regions of tropical Asia and Africa, the majority of species being indigenous to the Indian subcontinent and the Arabian Peninsula [10] . Species of the genus, such as C. adscendens, were reported to possess appetite-suppressant activity and weight loss properties; the bioactive compounds responsible suggested to be 14β-hydroxypregnane derivatives [10] . Aspects of ethnobotany, phytochemistry and pharmacology of the genus have recently been reviewed [11] . Ethnomedical uses of Caralluma were recorded by these authors from several Asian countries for the treatment of diseases including diabetes, leprosy, obesity and rheumatism [11] . Lavandula pubecens is an aromatic folk medicinal plant of repute in Saudi Arabia and Yemen [12, 13] . Sonchus oleraceus is known worldwide for its folk medicinal properties including uses as antimalarial, for headaches and general pain-relief [14] . In fact a number of biological activities have been proven for the plant including anti-inflammatory and antipyretic effects in rats [14] , antimalaial potential [15] , antioxidant activity [16] and anxiolytic-like effects on mice [17] . Aqueous and alcoholic root extracts of Verbesina encelioides, a folk medicinal plant used to treat diabetes, were reported to lower blood sugar levels in mice [18] . Another interesting biological activity of the plant was its experimentally demonstrated toxicity to sheep [19] .
Materials and Methods:
2. Table 1 . Fig. 1 shows photos of the collected plants taken by the first Author. The six plants grow wild in this mountainous region of north-western Saudi Arabia, mainly during the rainy season. Further identification of the plants was provided by Prof. Amal Fakhry (University of Tabuk, Saudia Arabia).
Preparation of Crude Alcoholic Extracts
The collected plant material was air-dried at room temperature, in the shade. The dried material was ground to fine powder and allowed to macerate in methanol for 18-24 h, at ambient temperature, with occasional agitation. The clear solvent layer was decanted and the marc re-extracted with fresh methanol. The combined extracts were filtered and the solvent volume reduced under vacuum in a rotary evaporator. The concentrate was made to volume as required for subsequent tests.
Antitumor Bioassay
(a) Reagents: FBC (fetal bovine serum) and L-glutamine were obtained from GibcoInvirtrogen Co. (Scotland, UK). PRMI-1640 was from Cambrex (New Jersey, USA). DMSO (Dimethyl sulfoxide), doxorubicin, penicillin, streptomycin and SRB (sulforhodamine B) were from Sigma Chemical Co. (St. Louis, USA).
(b) Cell cultures: Three human tumor cell lines, MCF-7 (breast adenocarcinoma), NCI-H460 (non-small lung cancer), and SF-268 (CNS cancer) were used. Cell line MCF-7 was obtained from ECACC (European Collection of Cell Cultures), Salisbury, UK. NCI-H460, SF-268 and normal fibroblast cells (WI 38) were kindly provided by the NCI (National Cancer Institute), Cairo, Egypt. They were grown as monolayers and routinely maintained in RPMI-1640 medium supplemented with 5% heat inactivated FBS, 2 mM glutamine and antibiotic (penicillin 100 U/mL, streptomycin 100 g), at 37 °C in a humidified atmosphere containing 55% CO 2 . Exponentially growing cells were obtained by plating 1.5  105 cells/mL for MCF-7 and SF-268 and 0.75  104 cells/mL for NCI-H460, followed by 48 h of incubation. The effect of the vehicle solvent DMSO on the growth of these cell lines was evaluated in all experiments by exposing untreated control cells to the maximum concentration (5%). Doxorubicin was used as a positive control and tested in the same manner.
The effects of plant extracts (and the control) on the in vitro growth of human tumor cells were evaluated according to the procedure adopted by the NCI (National Cancer Institute), USA that uses the protein-binding dye sulforhodamine B to assess cell growth [20, 21] . Briefly, exponentially growing cells in 96-well plates were exposed for 48 h to five serial concentrations of each plant extract or control (doxorubicin), starting from a maximum concentration of 150 M for doxorubicin. For plant extracts the weight-equivalent for this molar concentration of doxorubicin (81.0 µg/mL) was taken. Following this exposure period adherent cells were fixed, washed, and stained. The bound stain was solubilized and the absorbance was measured at 492 nm in a plate reader (Bio-Tek Instrument Inc., Power wave XS, Wincoski, USA). For each test preparation and cell line, a dose-response curve was obtained and the growth inhibition of 50% (G I 50), corresponding to concentration of the preparation that inhibit 50% of the net cell growth was calculated.
Assay of DHFR Activity
This enzyme activity was determined using a commercially available kit from Sigma Co., USA. DHFR catalyzes the biological reduction of DHF (dihyrofolate) to THF (tetrahydrofolate), with the cofactor NADP (nicotinamide adenine dinucleotide phosphate) acting as the hydrogen donor: DHF + NADP + H + ↔ THF + NADP + The principle of the assay was to spectrophotometrically follow the decrease in absorbance at 340 nm, due to decrease in NADP concentration consumed in the reaction. A Beckman DU spectrophotometer was used set to the kinetic program. Enzyme activities were calculated as per the Sigma kit bulletin.
Phytochemical Screening
Phytochemical screening of plant extracts was carried out semi-quantitatively for secondary plant products ( Table 2 ). The chemical reagents recommended by Harborne, J. B. [22] and Wagner, H. [23] were used. Table 2 shows results of semi-quantitative screening, of the six Saudi Arabian plants used in folk medicine, for secondary plant products by class or sub-class. The three major classes, namely, alkaloids (containing secondary, tertiary and quaternary nitrogen), terpenoids (sterols and cardiac glycosides), phenolic compounds (coumarins, leucoanthocyanidins, anthraquinones, flavonoids and tannins) as well as glycoside derivatives, were detected in the six plants. Most notable was the paucity of cardiac glycosides, a group of secondary plant products of restricted distribution within the plant kingdom. Table 3 and Fig. 2 show results of the antitumor assay of the plant extracts (and the standard antitumor compound doxorubicin) presented as G I 50 values. G I 50 is the concentration of the plant extract (or of doxorubicin) that caused 50% inhibition of cell growth after continuous incubation with each tumor cell line for 48 h and was calculated using a dose-response curve involving a range of concentrations for each test preparation and cell line. Doxorubicin, as expected, was inhibitory towards the growth of the three human tumor cell lines (low G I 50 values). Among the six plant extracts tested, the most remarkable were those of Caralluma sinaica and Fagonia tenuifolia. Caralluma extract showed strong antitumor activity (low G I 50) against the three human tumor cell lines. Fagonia Table 4 shows results of in vitro inhibition of the enzyme dihydrofolatereductase (antifolate) activity of alcoholic extracts of the six plants of the study as compared to the known enzyme inhibitor methotrexate. Methotrexate reduced the activity of DHFR by 50% (IC 50 value) at the low concentration of 0.08 µg per litre (Table 4) . While extracts of species of Lavandula and of Verbisina had no inhibitory effect on the enzyme, extracts of Sonchus oleraceus and Caralluma sinaica were strongly inhibitory to DHFR. Extracts of species of Fagonia (very active in the antitumor assay) and of Arnebia may have slight inhibitory effects on the activity of DHFR.
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As mentioned in the Introduction, inhibitors of DHFR are potential drugs for the treatment of cancer malaria, leishmania and trypanosomiasis as well as bacterial infections. Thus, the authors' study provides scientific support for the use of Caralluma sinaica as a folk medicinal anticancer plant. Moreover, the fact that extracts of Caralluma sinaica were active both in the antitumor assay (Table 3 ) and the antifolate assay (Table 4) suggests that the mechanism of anticancer activity of this plant is through DHFR inhibition. By the same token, the mechanism of action of antitumor activity found for the extract of Fagonia tenuifolia (Table 3 ) may follow a different pathway, given its low inhibition of DHFR (Table 4) .
On the other hand, extracts of Sonchus oleraceus had none or little antitumor activity but were very active as DHFR inhibitors. This suggests a potential for the plant as a source of drugs for use as antimalarials, anti-leishmanials, etc. It also gives scientific support for the folk-medicinal use of the plant as an antimalarial [14] . The fact that extracts of this plant were potent DHFR inhibitors may explain the mechanism of action of the antipyretic effects of this plant reported in rats [14] .
